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NUCLEAR PUMPED CW-LASING OF THE He^-Ne SYSTEM 
by B. D. Carter, M, J. Rowo and R. T. Schneider 
(Article subwittod to Applied Physics Letters) 



- INTITODUCTICW" ■ 

The program at the University of Florida is Ponc;erned with contributing 
to the development of high power nuclear pumped ^ 

In order to iuotify the uno of a miclenr ronctor as an energy sourco for 
a laser systew# tlie laser power extracted has to constitute an appreciable 
part of the reactor power, For this reason, demonstration of feasibility of 
high powered nuclear-pumped lasers should have the highest priority. It 
is suggested that high-energy output can be achieved easier by CW operation 
than by single pulse. This roaspning defines the direction of the research 
as follows) 

1. Work on cW-HQ-No nucloar-^pumped laser, the motivation being 
a better understanding of the excitation mechanism. 

2. Work otv a cOg-nuclear-puinped laser, the motivation being te 

^ ^ watts. 

3. Identify larcr gases which are compatible with UF^ by excited 
states lifetime measurements, the motlvatioh being the assumption 
that high-power densities pre only achievable by volume fission 
fragment sources. 

4. Examine xo,,. XeF and KrF under nuclear irradiation to determine if 

: they are good can for nucloar-pumped lasers. 


NUCmH PUMPED CW-COg-IiASER 

i» Background 

A nuclear pwj^jed co^ laser has not been donwinstrated bo far. Ilowaverii 
nuclear augmentation of an clectrlcallv excited laser was demonstrated a 
few years back. In this case ^ input of nuclear energy into the laser was : 
small compared to the electrical input. In the present work an attempt was 
made to reverse t!»is situation. This is based on the fact that in tlie pre- 
vious experiment* a neutron flux of only; 10 neutrons/sec era was avail- 
able to provide the nuclear power input* which amounted to a few milliwatts 
(Figure 1) . In the present experiinental set-up a neutron flux of 10?’f n/cm^ 
Is available* wliich proyidea a nuclear power input of up to lOO 
laser when operating at a peak power |5 megavvatts thermal) . The reactor also 
has the advantage of :Pi^ port larger enough (6 inch diameter) to allow 

insertion of the laser (Figure 2) . The laser system consisted of five parts : 

1. The lancu* was an 85 cm pyrex water 

bore. The windows were Nad mounted at the proper Brewester angle. The 
cavity was a 1 meter long aluminum tube with a 10 meter radius hole-coupled 
mirror at one end and one flat mirror on the other. Both mirrors were gold 
coated pyrex. (Figure 3) . 

2. The laser was nraunted into a canister-faeam plug. This is 

a secondary containment as well as a radiation shield. Both of these parts 
are necossary to moct safety requiremonts. (Figure 4). 

3. Power supplies: the power supply was provided, 50 KV, 200ma DC, 

Available instrumentation consisted of current and voltage meters as well as 
a plotter set up for X-V curves. 

Gas Systonv; The vacuum station is capable of 10 ^ torr to insure 
the purity of the laser gas. Total pressure was monitored by a thermocouple 
gauge, a Wallace and Turner gauge and a capacitance manometer. 



UiL-Mi iildiilO 


FIG. 1. 1 ASLI{ TOWER ENMAf^CEMEm WIEIl NF.UTHON IRRAL;aTIOM 
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FIG. 4. CANISTEK-BEAM PLUG ASSEMBLY 


5« i^iiitar r a utted to ddteiciHitte laser > 

',.' '. ' f '■ 

which was recorded hy a s t«4p chart recorder* To detorminp obsojiVed 
iaaarv:transltiortv^::'''a ,'C02^':spcctrum;-dholyser:'W08''''uBod,''::^ 

2. ROSUltB ■ - 

Throe runs at three pressure oi cc >2 were nade. - The ^os used consisted 
of a premlK of lilrS co^tNgiHe^ at a total pressure of 10 tort* After 
verification of laser action# the proper amount of Ho was added to bring 
the total preaBarcs up to 20# 60 arid 3b0 torr . Bach time a broakdowri voltage 
of 13 KV-DC was applied across the laser tube* When breakdown occurred# 
the current was maintained at 25ma by changing the voltage as necessary; 

During the first run at 20 torr total prose nr« (aeo Figure 5)# the 
laser would operrito with the reactor at zero power. At a reactor power of 
about 10 K(4 or 10 n/cnr~scc# laser power output increased 25% with no 
change in current or voltage. 

During the second run of 60 torr total pressure# the laser would riot 
break down at zero reactor jiower. Tile discharge did start at a reactor 
power of about lOKW or lo^^n/cm'^sec. The iwwer output was lower than 
that of the 20 torr run but in this case, the laser would only run while 
subjected to nuclear irradiation. 

The third run was at a iotal pressure of 300 torr. As in the second 

case, the laser would not broak down at zero power. Even at power up to 
■ V4 2 ‘ 

5000 KW. or 10 n/cm -see there was no electrical breakdown, however, at a 
1 2 ? ■ 

flux of 2 X 10 n/cm '-sec a low ixjwor outjjut was seen on the order of 50 mw 
and less. The lasing action would stop, however, if voltage across the 
tube was removed. It should bo noted though that the current metering 
devices used will not read any value lower thanj.-Sma. Based on this, there 
may have been sufficient preonization to account for the laser ix>wor. - 


H 



(Si:\7A\' 


FIG. 5, .jutput of CW-CO Laser vs. Neutron Flux 
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Evan though tJtara was not a strictly nuoloar suBtalnBd output at / 
ths prsssura runs o£ 60 and 300 torr« ii is of significanca that the lasor 
would run only under nuolonr irrndiation.^^ ^^^ ^^ 


s 




SPECTRAL EMISSION OF NUCLEAR EXCITEO NOBia GASES 
1. Background 

la prdor to Uutatiniiiu Uiu oiiiuiuncy oautruy tranpfcc from tho 
^HeiaiFiT nuclear ruaction to UV and VUV radiation a vacuum-ultraviolet 
spoctroscojiy system wag employed. The test section conBisted of a stainloHs 
steel capsule witn sapphire windows located in the horizontal throughport 
of the University of Plot ida ^’raining Heaetor . The radiation invostigatod 
was the 172.0 nm band of Xo^*, the 355.0 nro band of KrF* and the 282.0 mn 
band of XeBt*. Absolute optical calibration was performed using a tungsten 
ribbon lamp whose emission was determined by both coinparison to a NBS cali» 

btated tungsten ribbon aouree and a calibrate radiometer. This calibration 

was coupled to a relative calibration 1105 to 400 nm) perfornied internal 
to the system using a standard Douterium lainp, Spectral scans^ j^^ 

very large easily obsorved bands l&r dll species studied even though the ^ 
optical path geometry iheluded bnly a flat Vuv mirror and^^^^^^n for 

focusing on to the monochromator entrance slit. (Figure 0) 

2i Result 

Using the systeiit described above, rddlatibn of each of t 

mentioned abt^ve wore examined. The energy transfer offieiency from the 
Ue^ (n. plT tuicloar radiation to ity-i Igbt output was derived from the measurement. 
A Typicdl sped i urn i;i shown vn'Ficjure 7. Xe-'^ile mixtures forming Xo^ wore 
measured to be up to &B percent nfficiont. Neitlier XeF, KrF, nor XeBr had 
efficiencies greater than I percent. Those results are summarized in Table 1. 

To investigate foardbility of nuclear pumping, UP^ was added serving at 
the same time a.‘) the florino doner to XoP and KrF. As the concentration of 
UPg is increased, the efficiency of XoP is greatly reduced. In KrF, a con- 
centration of 10* UPj^ will completely quench the line radiation. (Sec Table 2) 







OP TOP 

OfilCINyii, PAGi; 


r 1 ;*ii‘ 


.•■!'i If..! .M , ’in... :i ».if..l:; 







REPRODUciBrLrry of thf 
ORIGINAL PAGE IS POOR 


dir coiit dm f 1 on 




REPRODUCrorUTY OF THK 
ORIGINAL PAGE IS POOR 



15 

The roiiultti b£ this study seem to Indtoate that theco is an oxcellonfc 
coupling between He and xo^. However « the coupling between Ho and KeBr 
la poor with efficiencies of leas than one |>arcontf Also, the roBults seem 
to ahow that m-’^^ is a ppor subscitute as a florino doner since is incom- 
patible with the gases investigated even at a reasonable concentration* 



The reeultH of thla atudy aotMa to Indlcat* that ther* is an axccliant 

couplinq between *He and Xc^. llowevori the cotiplinq between ^He and XeBr 

is |ioor with effloioncies of lens than ono |>orcrnt. Also, the lesults seeai 

to show tlut lie is a poor subticltute as a Clorine doner since UP. is inooo> 
o e 

patible with the qascs investiqated even at a reasonable concentration. 


OmCAL COMPATIBIUTV OF OP^ WI*pa LRS55R GASES 

1. V) Background 

-- For volume sources for nuclear-putnped lasers, UPg is the only practical 
option for gaseous nuclear Juel* UPg will dapoait - 260 timss more energy 
into A loaer gaa than He^ per neutron interaction. It ia Imperative to deter- 
mine the compatibility of OPg gaa with other^^ gaaea, ; Hot only must they 
be compatible in the conventional chemical senae, but also in An extendsd 
one, namely^ that any collision occurring between the gases will not destroy 
the'^''required:''populatiOhV:inv6rBion.-'-'"''''-''"^^ 

One way to investigate optical compatibility is to measure the life-times 
of excited states including vibrational and electronic deoxcitation as well as 
collislonal transfer and recombination effects, 

TO make these measurements a single photon coincidence counting system 
has been constructed. By addition of UPg to laser gases, their potential for 
nuclear pimping can be evaluated. 

The system can be operated in two different modes. First the pumping 

. ■ .. _ 252 

of laser gases with fission fragments coming from a Cf source to determine 

if th'8 energy deposition from fission events will result in a population of 

certain states. The second mode is to add natural UF>. and determine if 

- .6 ^ 

the gas of interest is still excited into the same states and if the life- 
time of these states was shortened. Note, it has been demonstrated that 3% 

UFg in a 1:1:8 C 02 !N 2 sHn laser will still support a population inversion 
(Figure 8) . 

The most commonly used non- reactor source of fission fragments for expert 

■ ■ ' ■ 252 ■ ' 

mental purposes is the radioisotope cf, which spontaneously fissions with 

■ ■ 252 

a half life of approximately 85 years. ( Cf also decays by _a-particle ^ 
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Figure 3 . Ackixtion of info CO^ Laser 



omiBslonf yielding en overell half life its decay of approximately 2« 6 
. yoare.):,.. 

A delayed »inglc |>hotoii counting aystom hae been dovoloped 

for the study of the excitation of various gases % fiBeion f 
Figure 9 is a scheinatic diagram of this syatemv light pulse caused by 
a single fission fragment i>asxinq tlirough the gas is vlewM 1^ e pliotomult^ 
plier The output of this pt^tcnmiltiplier f^ through a fast cross- 

over discriminator vdthin the base of the PM. This discrlrdnator is set high 
enough to exclude pulses from tlie alpha particles and gommas also emitted 
by the source; The output of this discriminator is a fast logic pulse/related 
in time to the start bf a fission fragment track which triggers "start** 
df a time^tb-pulse-helght {TPH) . Starting the TPH^^ c^ 

opens a time window of selectable length during which the system can respond 
to a signal from the monoChronuitor. The photomultiplier on the monochromator 
is operated in the sihglo pHototi counting mode and produces a fast pulse for 
the TPH. The output W the TPll is a pulso/^^^ which is pro- 

portional to the time between the start and stop pulses. 

The system can be operated in several modes, one of which is to set the 
manochromator on a spectrum line of interest using an internal electrode to 
electrically excite the gas. The system is allowed to count long enough to 
build up sufficient statistical accuracy. 

The resulting outi^ut is a plot of population of the excited state as a 

function of time. An initial paak is caused by the gammas which come off 
-11 

within 10 seconds of the fission and provide "zero time.*' Gaitiiiias pass 
throuqh the body of tt\e r*M tube and genorato this initial pulse. The rising 
portion of the curve uv tlur excitation region during which the fission frag- 
ment is passing through the gas and causing excitation and ionization. The 
peak is followed by an afterglow decay period, during which the populations of 













tUa QXcitod «tatea decay back to aero. From the decay i)octi.on pf the curvOii 
it ia possible to determine 

1, lifetimes of excited states# 

2, cross-sections for vibrational and eloctronio deoxoitation# 

3, colliaional transfer cross-sections, 

4* electron-ion recombination coefficionts, and 

5* any other quantity that is usually measured in tline resolved inten- 

Thi'iise quantities can be measured for either fission fragment or alpha 
particle^ The resolv time of the system at present is about l»5 naiio- 

_BeCOndS»-';--:'v;;,:/ V 



Results 

The above descrijbed technique was applied to a jdxtiire of 


and UPg* 


l! ■ 

Figure 10 shows the results of these experiments. 


The Inverse lifetime of an 


excited N, m^^^ state la plotted versus the total pressure (UF^. + N 2 

partial pressure) , As can bo cuon in Fiqurc 10, for pure N^j the inverse 
lifetiinG is iinearly related to the press uro , The lifetime of a State is 
deterMnSd by aepopulafeipn by c The collision time is 


X • mean tree path 

“ V Xf j average velocity . 

since is . rolated to the cross section O by^ : 


X ~ n s particle density 

and the pressure is related to n by 



P 

= iikT 

assuming that 




If 

_ /b^ 


V 
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For Jthlii roaeoitf the ihV0r»o tifotiino should b0« tndaadf llniijiitlV tel 
to the pireatiure. cmly if the eroee*-KoctiQti 0 iu also a Cuno^on o£ pteMuref 
could A nonlinear telatlonthip be expected. 

If UPg is added to the nitrogen gaSr a Bhortoe lifetime for the excited 
states is moaaured or. in other words* quoftCliinig^ b UPg iesults. 

In Figure 10 a still linear relationship is observed^ only the alope of the 
straight line is difiB:.rent. in the above equationr t^ absolute wlvtor of 


a would have to be ohangedf which is reasonable since now colli eions between 


UFg and ^2 are added into the piettire. HOwevor» what is harder to explain 
is the apparent throsliold for this larger cross section. 


Since nuclear pumpud lasers need to be high power and efficient, other 
Bystems such an exclmor XasorR notHl to be examlnod, ThP next gas studied 


therefore was YW, By mixing Xe With a florine donor suCh as NF^ the XcP 
molecule can b ) produced. With the addition of Ne as a buffer gas such 


studies have been done wlUch parallel mixtures of functioning laBerB. 

Figure 11 chows a typical lifetime moasoreroont for XeF, while Figure 
12 gives a comparison of the measurements taken at total pressures of 300, 
500, 700 and 900 torr. Sy measuring the slope of the exponential the life- 
time can bo found. The plot of 1/T (Figure 12) shows these lifetimes as a 


function of prescuire. Additional UF^ changed tl)o lifetime considerably. 
Figure 13 is a i>lot of the data with only It UFg added. It is obvious that 
the lifetime is Hhortened by addition of just a small percentage of UPg. 
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J’nntO'jt of LifetiBo Mcasurt^ments 





fig. 13. Comf-arison of Xel Lifetime With and Without UF 
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HUCI^R^PUMPIED CW-LASlNG OP TUB ^Ilo-No SVSTEH^^ t 

^U. l>. -;V'4lt^r» ^A.J:« : Kt>w^^# ./K:»T 
DC[Mi tmvMii of NucU'iii- BiMjtnpf^rlnq ScioncQB 
;:■ UlUvors* i ty^of :PloMda^ ' v/v" V'; ■ ^ 

i«uiioHvitH'» Plot iU*? I 2 I 1 II 

The gain for the 632 qA laser line for the nuclear excited Ue-Ne 1 

system has been measured for 300 torr prossuro at thermal neutron flux . 
levels from 2 X 10*^ to 1 x lO^^n/cm^-soc, In order to estlmato small 

■ '.- . .. . j 

signal gaini the (jain was also measured as a function of input intensity. l 

For demonstration of feasibility of cw-operation of nuclear pumped 

-lasers I a cavity was operated and lasing was observed. Although the , 

MJ^^er output was sninil« we conclude tliat lasing in a CW mode has been 
achieved with lle-Ne using nrailerato neutron flux levels. i 




IN TliOnUCTIOM 

To 0 })Ow ft'atvibillty i>i I'xtractiiuj a tmcloat: reaetoi: 

iiv till' toiin ot lassiM li.iht, 4 iiKnulatory to dotnonstracu thot cw-iasur 
action is posgiblo, iSq fatY 'tlio nuclei })Utnpo(:l lasers thaL hove boon 
ilomonstratcd ipuvj pulao4 «. luvinq lixtroinely high neutron fluxes an 

energy source55» *"'' I’uiso lengths varioil with the dlffocent exporimk^hta 
but^ in all ^^^asesi wore a small fraction of a second. For engineering 
applicatioin^ of these lasers, a pulsed reactor with a high repotitlon rate 
would bo required. Such reactors do not exist at present, although it is 
conceivable that they could be daveloped. However, it would be much easier 
if a steady state reactor, having a niodi'rate neutron flux, could be used. 
This paper doscriboil the work done culminating in the actual CW nuclqar^^^^^^^w 
pumped lasing uf the lie-Nc system. 


UAINM l vAf.tUdJMKNTt i 


tingle pai.sv gain I'xporiments were carried out in two dlf ferent^ r^ 

The first, a medium fliix tank tyjH- lieavy-water reactor, located at tint 
vieorgia Institute oi ’tochnoimp-, w.k£ ua«ll i liri the thermal lieulrOh 
from 1 X Id to l x 10 n/cni‘“-tii>f . The other reactor, an Argonaut type 
loactor Located at tliv Pnivutnitv or Plnrlda, wa?i. Used for lower Uiutmal - 

.I'l : J 9 2 

neutron ! luxes rnnaiiui from ,t x 10 I j 2 x lO n/ciir-see. The ovuj^lap in 
ranges allowed com) art son of l!u data taken at oacii roaevor. 

Medium Flux Kcaetot itnii MCusutyment s 
figure L i i.ows t i.a oxi-'U i mental ai t an.}»'menl tyiiical of both reactor!!. 
However, in the rneduim flux ' it is i’iissiblo to irradiate larger 

v'oliuiies vvith a i v,ii:d aat I iiix. n | :«>» t in* ai'i l aS jtOi t is o Inclies iri diameter 
as compared with 1 iiuTu'S in the Vinv rius laeiilty. At! Ile-Ne amjdlfier 
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wae locatcc) iiv a llirouyhijort vIoko t^ the ycautor cpird, U Th^ aini>lifiejr con- 
BiBtod ot' ii wdLei-cwletJ atalnleaH-steel tubdi tominated by two »apphito * 
windows* It was filled with a ^He*Ne (5tl) mljtture oC a total p^osauro of 
3Q0 Totr* At the out laitci* of the thrmitjhi»t>rt a coro»ffireiaUy ’availablo^^^^^^^^^^^^^^ 

' . - - \‘i, ' ' ' ■ ' ' 

.5roW llQ-Nd OHcil lati>i- was laeated. I’he amplified laaer beam was projected 
Onto the entrance «iit of a Jtwiwiehi^mattjp and detected by a photomultiplier 
tube. *rhe 1 '^ suiting photocur rent was measured with a piedammeter and 
tlnuously displayed Oh an K-y plotter* liv the thtoaghport< a 
density of 1 X Id— was available for the ^Ha(nip)T reactlon^^^^to 
laser gas* 

Figure 2 shows tjw tesulfes 

of 8,84 d^nV for the neon 3 * 2 ,^ laser trans^ tl *' 6323 *211) was 

observedi alUs maxlmuiBv amplification was achieved at a neutron flux of 2 
X 10 n/cm -a. At hitcher neutron fluxes* the gain decreased and turned into 
absorptidnV thb. aqieeo wJtij ( ho o let. tiienUY pumped easo wliere at largo 
discharge txibo ourrenty/ tfu* output fills off and uvehtually ceases due to 
overdriving the laser modium. This overdriving is a result of destruction 

4.... ■ ■■ 

of the He 2*n nPtiuicables by eoUisions or the second kind with electrons. 
Tl'.e.se 'Mil hi* coiii| .it i>vl lo oidtn lonults wluch roncerned nuclear 

■- ■ ■■ ■ *j 

enhancement of an eli>v?U ically oxciLml j^ulsod lle-Ne laser. The fact that 
their laser was olov'ti ioul ly excii.ed and operated at a lower gas pressure 
makes eompat ison (,|i f f vcult j h«)wir‘Vi*i , the reason why no largo gain was observed 
in this older work can be toimd jm the fast that they wore made at a neutron 

■ ■■ jr, ■■■•■ 

fiux Of n i" 10 ' n/cm-seo, whote, viccindiiuj to tlie present moasuroments, no 
gain can be expected.’’ 

Th.o ixjwej vlfponi t ion in Ihe la.stM ampliliet was "12 itiW/cm’^ at peak gain, 
while *'•} x.li.' ^ mW/em' was exLiayLed i|i Ux» lorin of laser light. This ru- 
suits in an oiricien.', ot about d.dU. 
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\ XU l< uw ux Cjjatjv 

*l’jip^ tiMt vxx^«;n iwimfc itK|Xi«iiXi'U lluit Uio uirlvarstty M 

X2 ■■■/. J 

ing a lc»w tliiK leautijv (flw*H 2 H i« rt/vm' 

' (;o- continue ' the .iituiXv-^ «*’■ tU’'“Ni>v ' 

A ntalnU'rtr> ^ilwi e.ii*nuli- :?iwil.vr i<» tltat u^n»d XJtovianKlyV but uticooicd, 
was insorted into t}K' horiaotd<U thto\>vjb the reactor, see Fiquro 1* 

A tionmsrcial helium new was used foi the gain meaHuiemahtBi A beam 
eplittQr and a filtoe holder wero Inserted Into the optical 

The beam used in conj unction with a pyroelectric detector, 

allowed checkiruj oi constancy of tlio input beam* The filter holder pro- 
vided a means to insert various filters into the light beam. Therefore, 
it was i)C38ibXe to nvasure goin for various input intensities. 

On the output side of the amplifiei. coll a series of mirrors were used 
to project the beam onto tlic slit of a one meter spectrC.teter turned to 
the first order C»32uH lasef wavoLength. wlticn ensured Uu>t only the 6328X 

laser iiglit would X)*.' dcUtvtod by Uic plii*tomulti}.'licr tube. The x)hotomulti- 

■■■■■■■■' * ■•-■■■• • • ■ ■ - .... .... 

plier output was ami lified and ftui iii;*. gnn channevL (A) of a differential 
ami’lifler Willie the output of the pyrooioctric detector was fed into the : 
otiicr channel ib) ‘»i Lhia di 1 teieiitial amplifier, to eliminatu tha possi- 
bility oi < 7 di iat toil,*, in the ouLjuL ol Uie piobo laser beiiUj' mistaken for 
..gain, . : .■■ 

The t leU l.u.oi uMod [i^niif'd Uio ofipoi i uui ty for a second moanuro- 
inent teehniv(ue iiidep^ n-lent ol tiu- Ul’feis-itu ial amplifier. The laser h.'id 
^ a high frequency iwiirfe eo^ i t n output . This cor^ 

ampjitied in Ui<’ q.nu ce! 1 . I'-y Ing thi:5 noise coroi>onunt, one c.iu ■' 

calculate gain in t lu‘ lamo v-.e/ the Ad ■j.iin i : fountl in u transistor 
circuit, - - 

The. rciuilL:’. rlie.se ineai.ui etnesii s e^,in be seen in Piguie 2. -- 
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n, U>w F I UK 

Hh* I trul ox|^‘i liik nt iiklit-.ii t il tiMi tiM* Uiitvi^tKity ut Floridti 
11)1} r« 4 ctor. J U’w tiiix u-at-'to* («kix i x lo “nA** r.oc) Mould be nuftlriunt 
to c'Oiitlnut* thi' iM 

A Htainli': :' i tft I « .)|>:'ui« kiriil.ii )<• t li.ii ii!M>il |>r«>vl«>iiMly, but um.*ooXud, 
vt’Jtt ineuitvd int>> itu' hur i Zi’Otal ll)toutjli|<oi t of tho reactor, soe Fiuuro 1. 

A coinrcial t)«liuin ttccn lexer wax used fur tlw qain MaxureMnia. A beaai 
splitter and a filter holdtn wi*rv Inuertcd Into the optical path. 

The beam Hplitter. used in conjunction with a pyroelectric detector, 
allowed checkiiit) oi constancy i>f Mut input tvam. The filter holder pro> 
vided a means to iiuu'rt varioiui filteic into the light tx>am. TheruCure. 
it was lossible to suMuure nain for vaiiouti input intensities. 

t.)n t)K' output r.iiK' ot t>u’ .implifict cell a scries of mirrors wore usckI 
to project the bc.ur. i>nto titc slit of a one mi>ter s|>ectro setter turned to 
the first order l.itvei w.tvelenuth, winch ensured that only the b)2RA 

laser ii jht wmilo i*t detccve-l l>y the plHitninultiplier tul-<'. The photomulti- 
plier output wa: aniitifieJ atui li>i ii • one channel (A) of a dlfforciitial 
atcplifiei whtic the •>utpnt ot thi p>i>ulectric detector was fed Into the 
ether channel (It) tin.. di Met'-nlial amilifiet, t<i eliminate the iJOi.si- 
LiiiJly lit 111 the auii it •)! t Im; piole lasei beiiic mistaken for 

1 1 n . 

I'lie t I el I l.iiat I a>t| )ii*\nl-<t tlii' < <p| >. >i I (ill i 1 y lor i ’leeoih) me.c.ure- 
iriv'iit toelmujiit' inle| ii leu* >■! ih. li t n t < m i.il .nnpMfiet. The laser had 
a liiqn 1 1 e.juet'.iA eomii'iietit n it-, output. T))is component was alro 

.luiplitiei Hi the >|aiii .'I’ll. I (•.I III mu t in ‘ iioi.se compuiufiit , one imii 

iMlenl.iti- uun. in iii< . ii'.u- v..'. .. t lie V '.liu i . loimd m .i I i ansi -.toi 
circuit. 

'llic fiallt %■! t!.e-;e iiiea. .u i . i:« -lit ■. ir; Pe iieiUI in 2. 
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Thuue niuabut oflU'iitii ayrewl withiii ivaiuiii witli thu pruiiminary raodswro- 
mantB niade at the mudluui CIuk fcactoi. in addition « thoKs measuremants 
ato now extended to Jowet: flux loveJfi. 

Pifioirent'en hetween tlio iik^jUiUtetneiiti! tlttno at tho tter dif ferent^^ 

11 2 13 2 

tiona pertain to the neutron flux ranne tetweon 10 «/cra sec and 10 n/ern sec. 

11 2 

Tho uncooled laber tube shows a nuiximum yaiti^^^^ n/cm sec while the 

12 2 

cooler laser tube :*.hi»ws the maximum yain at 1 x 10 n/cm sec. Since both 
maaauromonts tend to agre^^ at the lower Ilux levols* itvia suygeated that 
the gain curves at higher fluxes are due to the fact that the uncooled tube 
' is heated by tbe nuclear reactiona which is detrimental to laser performance. 
It was found that wfe'n the capsule was cool {start of the run) gain was 
fouiid, but after runniiig the reaetor a few tnintites, thus heat- 

ing the arapli|ipr> gain diBappeared. Then, wlton the capsule was allowed to 
cool aitd gain^^^ was aejain found. 

The reason that an attempt was ntiKh? at all to use an uncoolod tube is 
that the aecess port for the low liux reacU)! is only X.6” ih diameter, while 
the one for the inodium flux reactor was 0" in cUamotor, It is difficult 
to reduce the complete instrument itaokage to the smaller diamotor. On the 
other hand, this; rwMctor offei s operatioiiiil characteristics, which are better 

for the neutron i lux range of interesst than the one of the medium flux reactor 

IJ 2 

whicli is dosigiicd to o) crate at U1 n/cm sec, and higher. 

In ordet til oiMutc Ui.it iiiial l signal i|ain can he dctci inincU, i t i:: 
necessary to mcasgti- gain toi dittcicnl itgiuf inten.sitio:;. Tliia was done 
with reactui povvet u' piUamoLei , Due to the heating ef loot, tlie reactor 
I'owor ii'as rest, j icti'd to llic logiog between h .ijul iO KW witore licating does 
not (guduco .1 iJiaikid (neioasc in tiie tiilu' I cinpci .iLure, 

Tlio results ot these measurement u ate sijnwn ‘in Figure I. As. can . bo ' . 
seen, the garn measurod for .small signals is, indeed, substantial (up to 

OP THE 
POOR 
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000%) f however » ae a con»tHiuciieVf i^nturation 1 b roached or. fairly low input 
1«V4>1 b a« well, ‘nu ti'foret wuly luw jwwer lauvt output van be cxpactud 
for a nucloar piuni'od HoNq laBori which in agreement with the situabion 
of the diacharge Hc-Nc Laacr. 

To doroonatrato laaing for a ilo-Ne nuclear pumped lasetf the experiment 
as shown in E’igure lb was act up. 

The laser cavity designed to resonatQ at 6328K, used a corner cube 
reflector and a 20 m-radius, dielectric output mirror. 

The corner cube rcflector was used in order to reduce the alignment 
problems for incoro j cactoi expet lini'tital i«m. It was felt that duo to the 
extremnly high single pass gain* a cotnci cube reflector, instead of a 
regular laser mirror > could be tolerated. Although the cavity had single 
pass‘losses of 5li^ the single-pass gaiii ffloastiremente indicated this cavity 
wpuld be sufficient to aupixjrl lasing. 

This provt'dl iiidecd/ to'be the edat^ aiid-Pigutc 4 shows t^^ 
put as a tunctiQ'n of neutrO flux* hue to the lijabiltty to ca^ 
detection system ftn absoJnte units, only iclativc output is plotted. Al- 
though bdaod on the sensitivuy of the phoLomtiltiplior tube at 0,128)1, it's 
))oak output was estimated to h«> a tew miexowatts. 

11 2 

The thj euhold fm is ui a m vvl ivnv 1 1 ux level of 2 x 10 n/cm -sec 

After thteshuKl, the (>U>t la.u i cnilput fo 1 lows the liieroaso in neutron 
flux. Attei I ;.hoil t.iliic at tail j (.'iK-toriowetjiasitig ceased due to the 
heating of the ca- -uUe as piiMicti l in the gain inoasurements* 

)FTHE ■ 

POOR 




CHECKS FOK lASI MR 

Ficstr a wavalomjti) ttcdn with tha at^cctrometor was 
that the Qhaatvcd i^hononu^non i»« indeadf a apactruin lino and not a cutout 
of a continuumr t^tical tnatoiL iaisr^^ W Haj^biror which are used at window 
matccial in the {?reBent tubey iuratnosce under influence of nuclear radia- 
tion.® This tadiation output is alBo prot^ortional to reactor power and 
could product a similar plot as Pigure 4 . !{oweverf the Bapphire lumines-^ 
oence peats at Mue wavelen 9 ths and ia continuous radiation^ Date 
of a red line would discard the posBifaility that sapphiro light was observed ^ 
The wavclongth scan showed several red linesi the strongest being at 6328A. 

Wext# the resoijant cavity was spoiled and the wavelength scan repeated 
• Under these condi tions , only spontaneous light output can be expected. The 

ratio of spontaneous to stimulated output was found to be a 60. There 

^spon 

is substantial error in the measurements .ittached to this value becausOf 


like noSt laser lines, the C328K is a weak spectrum line resulting in a low 
spontaneous intensity. Howoyor , the error is leas than a factor of 60 and 
there is, undoubtedly, a laser output. 
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TADLB oe PltiURES 
Figure Sot-up 

Figuro 2: Gain vb. Neutron Flux for coo loci and Uncooled Amplifior 

Figoro SiDetormlnation of Small Signal Gain 

Figuro 4 j tasior output as a Function of Neutron Flux 
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